BACKGROUND: Unplanned hospitalizations and emergency room visits occur frequently among home care clients The aim of this study was to identify typical discharge diagnoses and their associations with patient characteristics among a total of 6,812 Finnish home care clients aged ≥63 years who were hospitalized within one year of their first home care assessment.
For this study, only the first hospitalizations occurring within one year of the first RAI-HC assessment were included. Scheduled hospitalizations (e.g. elective surgery) were excluded, because the aim was to analyze unplanned hospitalizations. The hospitalizations were divided into nine diagnosis groups according to their primary discharge diagnoses (the first registered diagnosis representing the main cause of hospitalization according to the treating physician): infectious diseases; dementia; cardiovascular, cerebrovascular, and musculoskeletal diseases; other specific diseases; geriatric symptoms (e.g. malaise, dizziness, syncope, malnutrition); injuries; and other reasons (Appendix Table A1 ). The diagnosis groups were determined according to the previous studies concerning hospital care among old people (20, 21) and to the authors' clinical experience. Final classification was reached by consensus between three experienced geriatricians. Finally, in order to clarify how often geriatric syndromes are identified and registered in discharge records, we searched both primary and secondary diagnoses for records about malnutrition and delirium.
Ethics
The use of the RAI database for this study, including linkage to the FHDR, was approved by the THL ethics committee (THL/134/6.02.00/2012; Feb 16, 2012).
Statistical analyses
A two-stage analysis was used to identify associations between the status of new home care clients and the reasons for their later hospitalization. First, a univariate analysis was used to explore associations between RAI-HC determinants and diagnosis groups. In the second stage, multivariable models were constructed in order to identify factors with independent association with the causes of hospitalizations. All variables with p ≤0.01 in the univariate analysis were included in these multivariable models. This level of significance was selected because of the high number of separate comparisons. Although the analyses were performed separately for all nine diagnosis groups, all variables found to have statistically significant 6 association with hospitalization in the univariate analyses (independent of the reason for hospitalization) were included in all multivariable models, because these all were considered clinically important and potentially confounding factors in all diagnosis groups, despite some not being significant for each of the diagnosis groups individually. The results are presented as odds ratios (OR) with 95% confidence intervals (CI). The odds ratios indicate how much higher (or lower) the possibility of the analyzed diagnosis group being the reason for hospitalization (e.g. infectious disease or injury) is in patients with a specific characteristic (e.g. age, diagnosis of dementia, ADL performance) than in patients without that characteristic. All the statistical analyses were performed using SAS 9.3 (SAS Institute INC., Cary, NC, USA). 7 
RESULTS
Of the 15,700 new home care clients, 6,812 (43%) were hospitalized. Some 48 patients (0.7%) were excluded because of missing discharge diagnoses. The characteristics of the remaining 6,764 patients are described in Table 1 . The most common reasons for hospitalization were infectious diseases (21.2%; n=1,446) . In 34% of hospitalizations due to infectious diseases, the specific diagnosis was urinary tract infection, and it was the most common individual diagnosis (7.2%; n=490) ( Table 2 ). Dementia disorders were the reason for hospitalization in 449 patients (6.6%). Other geriatric syndromes were recorded very infrequently: delirium was recorded as the main diagnosis in 11 patients and as the secondary diagnosis in 8 patients. Malnutrition as a main or secondary diagnosis was recorded not even once.
Univariate analysis
Most of the analyzed variables were associated with some of the diagnosis groups in the univariate analysis (Table 3) . Only living alone, housing defects, vision, dementia associated with Parkinson's disease, a psychiatric diagnosis, and psychotropic medication had no significant association (p ≤0.01) with any diagnosis group, and they were therefore excluded from the multivariable models.
Multivariable analysis
The results of the multivariable analysis are shown in Despite statistically significant analyses in the multivariate models, only a minority of hospitalizations among patients with a certain characteristic were due to the cause of hospitalization that the characteristic was associated with. One third of hospitalizations among patients with ADL score of 5-6 and approximately one-fourth (24-29%) of hospitalizations among patients with ADL 1-4, with wounds or urinary incontinence, were due to infections.. Dementia accounted for one-fifth (17-27%) of hospitalizations among patients with cognitive decline, Alzheimer's disease or other dementia. The proportion was similar for associations related to hospitalizations due to heart diseases, whereas moderate pain explained only 6% of hospitalizations for musculoskeletal disorders, and female sex, previous falls and history of hip fracture about 14-19% of hospitalizations due to injuries. 
DISCUSSION
This study indicates that already at the beginning of home care services, certain patient characteristics are related to specific discharge diagnoses if the new home care client becomes hospitalized within one year of the first RAI-HC assessment. These associations differ partly from the risk factors for hospitalization identified in early studies (6) (7) (8) (9) (10) (11) (12) , because only patients who were hospitalized were included in this study. Infectious diseases were the most common reason for hospitalization, and urinary tract infections the most common individual diagnosis. As expected, some common symptoms and geriatric syndromes, for example delirium and malnutrition, were rarely documented probably because of inadequate identification and registration of these conditions in clinical practice (22) . Despite the observed significant associations, it however turned out that among all patient subgroups the reasons for hospitalizations varied markedly, and at maximum one-third of hospitalizations were due to a certain disease-group (i.e. two-thirds were due to conditions in the other eight diagnosis groups).
In an earlier study, previous hospitalizations represented the strongest independent risk factor for unplanned hospitalization after the initiation of home care services (6) . Interestingly, previous hospitalizations were not associated with dementia-related hospitalizations or injuries. Instead, they were associated with an increased probability of being hospitalized due to cardiovascular diseases or other chronic conditions. In the univariate analysis, CHESS ≥1 as a marker of unstable health status also increased the likelihood of hospitalization for specific diagnoses, including malignant neoplasms and diseases of the nervous, circulatory, metabolic, respiratory, or digestive system. In new home care clients with previous hospitalizations, special attention should be paid to good care and the monitoring of underlying chronic conditions. Furthermore, not only diseases but also their symptoms require attention. This is highlighted by the observation that moderate to severe pain was associated with hospitalizations due to musculoskeletal disorders.
In previous studies, adverse drug events have been associated with hospital admissions (23) , and the association has been observed among home care clients too (24) . The strongest factor associated with adverse drug events is the number of drugs taken (23, 25) . In our study, polypharmacy was associated with a decreased probability of dementia-related hospitalizations but an increased probability of hospitalization due to cardiovascular reasons.
Interestingly, polypharmacy was not associated with injuries, unlike in previous studies (26) .
The reasons for these findings are unclear. Perhaps the particular drugs used are more important than the number of drugs alone. In patients with cardiovascular diseases, the number of drugs could be an indicator of the severity of the disease.
Unsurprisingly, infectious diseases emerged as the most common reason for the first hospitalization of new home care clients. Daily urinary incontinence, chronic skin ulcers, and both functional and cognitive impairment increased the likelihood that the unplanned hospitalization was for that reason. Incontinence and skin ulcers are easily identifiable conditions, and their effective prevention and care could reduce the need for hospitalizations.
Functional impairment could be an indicator of frailty (27, 28) , thus increasing susceptibility to infections. Furthermore, in patients with poor physical capacity even minor infections may lead to the need for hospital care. Another explanation is that according to clinical experience, various unspecific symptoms are often thought to be caused by urinary tract infections, and the actual causes for weakened physical condition-like geriatric syndromes-may remain undetected. Urinary tract infection was the most common individual diagnosis in this study, but due to a lack of clinical data, the possibility of over-diagnostics could not be investigated.
According to previous reports, overdiagnostics related to common asymptomatic bacteriuria is very common and even around half of the cases of suspected urinary tract infection do not fulfill diagnostic criteria (29, 30) . So patients with vague symptoms must be assessed carefully to identify other, more likely underlying conditions, and urinary tract infections should be diagnosed only in presence of positive urine culture accompanied by lower urinary tract symptoms or signs of systemic inflammation and when other, more likely causes of acute illness are ruled out (31) .
Dementia as the primary discharge diagnosis was more common in this study than has been reported previously (21) . In the earlier study, the hospitalized dementia patients had no home care services and hence were probably in better condition. The large share of hospitalizations due to dementia raises the question of how well the somatic diseases and symptoms underlying neuropsychiatric conditions were recognized during hospital care. This question also concerns the underdiagnostics of delirium. Delirium affects approximately 10-60% of all hospitalized older patients (32) (33) (34) , but in the present materials it was recorded only in 11 patients. Caregiver stress was strongly associated with dementia as a discharge diagnosis in the univariate analysis, and this should be recognized, even though the association was lost after adjustments.
Previous falls were common in every diagnosis group and especially among patients hospitalized due to injuries and geriatric symptoms. Patients with previous falls and an earlier hip fracture were more likely to be hospitalized because of injuries. The finding is supported by an earlier study where previous injurious falls in patients with dementia increased the risk of recurrent injurious falls resulting in hospitalization (35) . The strong association is worrying; previous falls and fractures in the client's history should lead to the multidisciplinary assessment of the risk factors for falls and interventions to prevent new falls occurring (36, 37) . Based on the present data, it is unclear if such assessments had been done.
Finally, an important observation was that feelings of loneliness increased the probability of being hospitalized because of geriatric symptoms without specific diagnosis. When a patient has vague symptoms, such as malaise and fatigue, the possibility of loneliness should be considered. Recognizing loneliness is important, because interventions like psychosocial group rehabilitation may reduce the use of health services and even mortality (38) . It is nevertheless important to distinguish between loneliness and living alone, which was not associated with any reason for hospitalization.
Study Strengths and Limitations
The strength of this study lies in the data, which were collected from a wide geographical area. Furthermore, the follow-up was practically complete thanks to the nationwide registers.
In addition, the large number of patients and hospitalizations allowed the analysis of independent relationships using multivariable models. Although only about 20% of Finnish home care clients are assessed using RAI-HC, in the areas where RAI-HC is used, it covers about 80% of the clients, and those assessed reflect typical new home care clients. In Finland, all citizens are covered by public health insurance free of charge, so their economic or social status does not affect access to public health care that unplanned hospitalizations represent.
The types and availability of services differ in different regions, however, which may affect hospital utilization rates. But unfortunately, due to a lack of clinical data we couldn't take these local differences into account in the analyses.
Conversely, the register-based data is the cause for the main limitations of this study. Due to the lack of clinical data, the accuracy of individual diagnoses cannot be confirmed; indeed, they would be impossible to confirm because of the sheer quantity of diagnoses. In addition, the diagnosis distribution does not only describe diseases causing hospitalization; it also reflects the physicians' decisions in documenting the main diagnosis. In clinically unclear situations, it may be easier to use an existing long-term diagnosis or easily identifiable conditions like an infection. Besides the main diagnosis, there are usually other reasons for hospital treatment that are listed as secondary diagnoses. These were not taken into account in 13 this study, however, because recording practices may vary, and the number of different combinations of main and secondary diagnosis would have been extremely high.
Some of the protective associations between patient characteristics and the reasons for
hospitalization may be explained by the fact that only the first hospitalization was recorded.
Though the same characteristic would have been related to several reasons for admission, in this study it was linked to the one occurring first. If later hospital periods had also been taken into account, it would have been difficult to distinguish the effects of patient characteristics and the consequences of the previous hospitalizations on the occurrence and reasons for the new episode.
Finally, when dealing with big data, clinically irrelevant differences may become statistically significant, and the high number of separate comparisons may add to the risk of false positive associations in the analyses. To avoid this problem, only variables with a p ≤0.01 in the univariate analyses were selected for the multivariable analysis. Despite this, the number of variables in the models is relatively high especially in relation to the number of events (hospitalizations for a specific cause) in some cases. When the number of events is low relative to the number of predictors, standard regression analysis may produce overfitted models that tend to underestimate the probability of an event in low risk patients and overestimate it in high risk patients (39) . In our study, this has to be taken into account in the analyses concerning dementia, cerebrovascular and musculoskeletal diseases, where there are less events per variable (EPV) than the 10-15 EPV that has been recommended (40) .
However, also these results appear clinically relevant and reasonable. 14 
CONCLUSIONS
Upon the initiation of home care services, there are identifiable patient characteristics related to certain discharge diagnoses if the new home care client is hospitalized later. These characteristics help in creating care plans aiming to reduce unplanned hospital admissions.
The results also raise the concern that geriatric syndromes, especially delirium and malnutrition, are inadequately identified and reported during hospital care and poorly captured in the health register data.
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HIGHLIGHTS
• Among new home care clients who were later hospitalized, specific patient characteristics identified upon initiation of the service were found to be associated with certain discharge diagnoses.
• Identification of these characteristics can aid the creation of care plans aiming to reduce unplanned hospital admissions.
• Infectious diseases emerged as the most common reason for the first hospitalization of new home care clients.
• Patients with previous falls and an earlier hip fracture were more likely to be hospitalized because of injuries.
• Feelings of loneliness increased the probability of being hospitalized because of geriatric symptoms without specific diagnosis.
• Geriatric syndromes, especially delirium and malnutrition, are inadequately identified and reported during hospital care and poorly captured in the health register data. 16 
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